Contribution of the copper ions in the dinuclear active site to the stability of Carcinus aestuarii hemocyanin.
We have investigated the effect of copper binding on the structural properties of hemocyanin (Hc). To this aim, we have studied the holo- and apo-form of the protein, both in the hexameric and in the monomeric state (CaeSS2 subunit), with experimental approaches that report on the protein aggregation and conformational stability. The results of gel-filtration chromatography and small angle X-ray scattering (SAXS) provide evidence that the hydrodynamic and gyration radius (R(g)) of Hc in the hexameric form only slightly increase upon copper removal, whereas a remarkable enhancement in the R(g) value is observed for the CaeSS2 monomer. CD measurements in the far- and near-UV region indicate that removal of copper only marginally affects the conformation of the hexameric Hc. Instead, copper depletion in the CaeSS2 strongly alters the tertiary structure of the monomer (near-UV CD), even though it is almost inconsequential on the secondary structure content (far-UV CD). These findings are fully consistent with the results of limited proteolysis experiments showing that the hexameric Hc is similarly resistant to proteolysis by trypsin both in the holo- and apo-form. Conversely, the apo-form of CaeSS2 monomer is much more susceptible to proteolytic attack by trypsin than the holo-form. Based on SAXS measurements, the concentration-dependent oligomerization process for apo-CaeSS2 has been analyzed on the basis of a thermodynamic model involving a concentration-dependent equilibrium between a monomer in a native-like and an hexameric aggregate of monomers.